Background Surgical resection of extrahepatic biliary malignancies has been increasingly centralized at high-volume tertiary care centers. While this has improved outcomes overall, increased travel burden has been associated with worse survival for many other malignancies. We hypothesized that longer travel distances are associated with worse outcomes for these patients as well. Study Design Data was analyzed from the US Extrahepatic Biliary Consortium database, which retrospectively reviewed patients who received resection of extrahepatic biliary malignancies at 10 high-volume centers. Driving distance to the patient's treatment center was measured for 1025 patients. These were divided into four quartiles for analysis: < 24.5, 24.5-57.2, 57.2-117, and < 117 mi. Cox proportional hazard models were then used to measure differences in overall survival. Results No difference was found between the groups in severity of disease or post-operative complications. The median overall survival in each quartile was as follows: 1st = 1.91, 2nd = 1.60, 3rd = 1.30, and 4th = 1.39 years. Patients in the 3rd and 4th quartile had a significantly lower median household income (p = 0.0001) and a greater proportion Caucasian race (p = 0.0001). However, neither of these was independently associated with overall survival. The two furthest quartiles were found to have decreased overall survival (HR = 1.39, CI = 1.12-1.73 and HR = 1.3, CI = 1.04-1.62), with quartile 3 remaining significant after multivariate analysis (HR = 1.45, CI = 1.04-2.0, p = 0.028). Conclusions Longer travel distances were associated with decreased overall survival, especially in the 3rd quartile of our study. Patients traveling longer distances also had a lower household income, suggesting that these patients have significant barriers to care.
Introduction
Complex surgical cancer care has been increasingly centralized over the past decades in order to provide highly specialized care and make health care systems more efficient. This has been supported by evidence that treatment at a highvolume center results in improved overall survival when compared to that at low-volume centers. [1] [2] [3] This centralization of care has led to an increase in the distance that many patients must travel to receive care. Stitenberg et al. have demonstrated a 70% increase in travel distance for surgery through the 1900s-2000s. 4 The effect of travel distance on patient outcomes after surgery has been mixed and may be subject to both distance bias and referral bias. 5, 6 Wasif et al. investigated the 90-day mortality of patients with colon, esophageal, liver, and pancreatic cancers in four travel distance quartiles. In their study, the further quartiles were associated with improved 90-day mortality and 5-year survival. They postulated that patients traveling the furthest were likely very motivated to receive treatment and more health care literate which gave them a survival advantage over the closer groups. 7 This BDistance bias^has also been well documented in the medical oncology literature, where patients motivated to travel further distances have better outcomes. 6, 8, 9 The disadvantage of travel distance documented in the literature has been an increase in complication rates. Etzioni et al. showed a worsening major complication rate in patients traveling further distances in their general surgery population. 5 In a 2015 study by Stitenburg et al., travel distance was found to be an independent predictor of readmission for patients after esophagectomy, pancreatectomy, or lung resection for cancer. 10 This may be evidence of referral bias in surgical patients, where patients referred to high-volume centers are more complex and difficult and therefore more prone to complications post-operatively.
Though other groups have studied the impact of travel distance on surgical procedures for colon, liver, lung, and pancreatic cancers, there has been no investigation into its effect on outcome for extrahepatic biliary malignancies. These tumors are rare and require very specialized care providers as well as close coordination between providers. As such, these are cases that are more likely to be treated at high-volume centers in larger cities, requiring patients to travel long distances for treatment and follow-up.
Previous studies have also postulated that patients traveling further distances may be of higher socioeconomic status which would improve their ability to travel for care and therefore improve their outcomes. The literature also suggests that patients from regions with lower median household incomes receive less aggressive treatment and have poorer overall survivals. 11 We hypothesized patients traveling longer distances for specialized hepaticobiliary surgery would experience worse outcomes. Therefore, using a large multiinstitutional database, the primary aim of the present study was to assess the effect of travel distance on survival after resection of extrahepatic biliary malignancies. The secondary aim of this study was to determine the effects of median household income on survival.
Methods Data Source
Retrospectively collected data from patients, undergoing surgical procedures for extrahepatic biliary malignancies between January 2000 and December 2014, in the US Extrahepatic Biliary Consortium was analyzed. The consortium comprises institutions from 10 states and from every region of the country with the exception of the Southwest (John Hopkins Hospital, Baltimore, MD; Emory University, Atlanta, GA; Stanford University, Palo Alto, CA; University of Wisconsin, Milwaukee, WI; The Ohio State University, Columbus, OH; Washington University, St. Louis, MO; Vanderbilt University, Nashville, TN; New York University, New York, NY; University of Louisville, Louisville, KY; Wake Forest University, Winston-Salem, NC). All are considered high-volume hepatobiliary surgery centers with greater than 25 liver and pancreatic resections per year. 12 
Inclusion/Exclusion Criteria and Variables
All patients who underwent resection of extrahepatic biliary tumors including hilar cholangiocarcinoma, distal cholangiocarcinoma, and gallbladder cancer were included in the study. Patients with intrahepatic cholangiocarcinoma were excluded and those with missing zip code information were excluded from analysis. Home zip codes were for calculation of each patient's shortest driving distance to their respective treatment centers using Google Maps™. Median household incomes from the 2015 US Census Bureau report were imported using the home zip codes and the Zip Who™ search engine.
The primary outcome measured was overall survival. The exposure variable was travel distance to their respective treatment facility. The quartiles were compared on 45 independent variables to ensure that demographic information, disease severity, stage, resection margin, and lymph vascular invasion as well as chemotherapy regimens were similar between the groups. Secondary outcomes were 30-day mortality, readmission rate, complication rate, and need for reoperation.
Statistical Analysis
Patients were categorized into four quartiles based on distance traveled to their respective institution. A Cox proportional hazard model was used to compare the overall survival of patients between the quartiles, using the first quartile (Q1) as the reference group. Demographic and clinicopathologic information was then compared between the groups to ensure that the groups had similar severity of illness and to identify demographic differences. These were analyzed using chi square test for categorical variables, t test for continuous variables, and analysis of variance for four group comparisons.
Both univariate and multivariate analyses were performed to identify variables effecting overall survival. Variables with a p value less than 0.2 were retained for multivariate analysis and included age, peak bilirubin, tumor size, margin status, and vascular involvement. A p value of < 0.05 and confidence interval (CI) of 95% were used as the threshold for statistical significance, and the analysis was performed using SAS 9.4 software (Carry, NC).
Results

Clinical and Pathologic Data
Seventy-one patients were excluded due to missing zip code information. One thousand twenty-five patients were included in the final analysis with an overall median travel distance of 58 mi, ranging from 0 to < 5000 mi. There were 30 patients who were considered outliers who traveled extremely far distances, which caused the mean travel distance to be 132 mi with a standard deviation of 333 mi. Patients were divided into four quartiles (Q1-4) with 252, 256, 257, and 260 patients, respectively. A significant difference in race was found between the quartiles, with more non-white patients in the closer quartiles (p = > 0.0001). Notably, there was a trend towards shorter follow-up times in the further quartiles: Q1 = 5.4 years, Q2 = 4.3 years, Q3 = 3.7 years, and Q4 = 4.0 years (p = 0.77). Though a significant difference was not found, this mirrored the survival trend with Q3 having the shortest length of follow-up. Otherwise, there was no difference between the groups on the other measured risk factors or treatment regimen (Table 1) .
Survival
The median of overall survival for each quartile was as follows: Q1 = 1.91, Q2 = 1.60, Q3 = 1.30, and Q4 = 1.39 years. Q3 (HR = 1.39, CI = 1.12-1.73) and Q4 (HR = 1.3, CI = 1.04-1.62) were found to have significantly decreased overall survival on univariate analysis, with quartile 3 remaining significant after multivariate analysis (HR = 1.45, CI = 1.04-2.0, p = 0.028) (Figs. 1 and 2).
Since quartile 4 included patients traveling extreme distances, we independently analyzed the distance outliers, which was composed of 30 patients who traveled greater than 2 standard deviations above the mean (< 850 mi). These patients were found to have a decreased median overall survival at 0.95 years; however, this did not reach statistical significance (HR = 1.51, p = 0.12). Other factors found to be associated with decreased survival on multivariate analysis included age (HR = Table 2 ). Of note, no differences were found between the quartiles in secondary outcomes including 30-day mortality (p = 0.275), readmission rate (p = 0.148), complication rate (p = 0.914), or need for reoperation (p = 0.410). Though there was no statistical difference found between the groups in follow-up time (p = 0.77) or in disease-free survival (DFS) (p = 0.58), the trend between the quartiles followed the same pattern as with overall survival, with Q1 having the longest, Q3 having the shortest, and Q4 being slightly improved over Q3.
Income
Median annual household income data was available for 960 of the patients included in the original data set. The overall median household income was found to be $48,432/year with a standard deviation of $21,320. Notably, this is slightly lower than the overall US median household income at $56,516/year in 2015. 13 The average median household incomes for each quartile were as follows: Q1 = $55,084, Q2 = $55,566, Q3 = $43,475, and Q4 = $38,462; with a significant trend towards lower household incomes in the furthest quartiles (p = 0.0001). Median household income (per 10,000 dollar increase) was independently analyzed and was not found to be associated with overall survival (HR = 0.989, CI = 0.947-1.306) ( Table 2 ). Outlier patients who traveled greater than 850 mi (> 2 standard deviations above the mean) were independently analyzed and were found to have a median household income of $53,060/year, similar to those in the closest quartile. In spite of their higher median income, overall survival tended to be lower in the outlier group at 0.95 years (HR = 1.51, p = 0.12). 
Discussion
Since the trend towards centralization of care has continued over the past decades, the distances that patients must travel for care has been an ongoing issue of discussion. This is a particularly important topic for cancer patients in that they often require close coordination of care with many subspecialists and frequent follow-up. The effects of travel distance on overall survival and complication rates have been studied for esophageal cancer, colon cancer, pancreatic cancer, lung cancer, and breast cancer, but it has not been well studied in patients with biliary cancer. 1, 2, 7, 14 The present study investigates travel distance's effect on outcomes after surgery for extrahepatic biliary tumors.
Median Overall Survival (years) Q1= 1.91 Q2= 1.60 Q3= 1.30 Q4= 1.39 The study demonstrates a trend towards worse overall survival in patients traveling further distances, with patients traveling Bintermediate^distances being particularly vulnerable. This aligns with studies suggesting worse outcomes in patients who travel further for cancer treatment. Amborggi et al. performed an extensive review of the literature on the effects of travel burden in patients receiving both medical and surgical treatments for cancer. They found that patients traveling further distances had more advanced disease at diagnosis, worse overall survival, and worse quality of life. 15 Still, others have shown worse complication rates, readmission rates, and later stage at diagnosis for patients who have an increased travel burden. 5, 10, 16 This contradicts data suggesting that distance bias can improve outcomes for cancer patients undergoing resection. 7 In this study, patients traveling further distances had significantly lower median household incomes, which could amplify the effects of their already heavy travel burden. Not only are these patients required to travel further for care, but they are also likely less able to take time off from work for long hospital stays and frequent follow-up visits. Though income was not independently associated with overall survival in our study, it can certainly make the travel burden more difficult to bear and could be a confounding variable when analyzing outcomes of rural patients. Multiple trials have shown that patients with lower socioeconomic status are less likely to undergo indicated cancer screenings, are less likely to participate in clinical trials, and suffer poorer outcomes. 17 Race was also found to be significantly different between the quartiles, with a decreased number of non-white patients in the furthest quartiles. These findings could be due to more diverse populations being present in the large city centers where most of the institutions are located. In 2015, AlRafaie et al. studied the demographics associated with travel patterns for patients undergoing resection of lung, esophageal, pancreatic, and colorectal cancers. They found that AfricanAmerican patients in particular were less likely to travel further distances for treatment when compared to white, Asian, and Hispanic patients. 18 In contrast, the present study found a significant decrease in all non-white races including Black, Hispanic, and Asian patients in the furthest quartiles. However, this did not appear to affect survival since race was not independently associated with overall survival.
While both of the furthest groups had lower overall survival, Q4 patients had a small survival advantage over patients in Q3. Outlier patients in Q4 had higher median household incomes, were likely well motivated, highly health care literate, and put substantial time and research into selecting their treatment center. Many of these patients were likely able to fly to their treatment center and stay for a period of time prior to going home to ensure appropriate perioperative care and longterm follow-up. Given these perceived advantages, we hypothesized that the outlier patients for travel distance could have improved the overall survival of Q4 over Q3. However, we found that the overall survival of the outliers was worse than that of the remainder of Q4. In this study cohort, higher income did not translate into a survival advantage. Patients in the Bintermediate^travel group were most vulnerable to the effects of travel distance though the exact reason for this remains unknown. It is likely a combination of multiple factors including motivation, socioeconomic status, health care literacy, travel distance, and travel modality that ultimately accounts for the particular vulnerability of the intermediate group.
We found no difference in 30-day mortality, complications, readmission, or reoperation rates in the further quartiles, indicating that patients performed similarly in the immediate postoperative recovery period regardless of their travel distance. This suggests that the disparity occurs after patients have recovered from surgery and are being followed longitudinally. This is confirmed by the declining trend in follow-up time and DFS seen in the furthest quartiles, particularly in Q3. Though these did not reach statistical significance, follow-up times and DFS followed the same pattern as overall survival with Q1 having the longest times, Q3 having the shortest, and Q4 slightly improved over Q3 ( Table 1 ). The lack of follow-up may have led to inadequate surveillance and treatment of recurrences, thus negatively affecting the overall survival of the furthest groups. Lack of follow-up may also have affected the ability to detect and subsequently treat complications in the furthest groups affecting their survival. Extra vigilance should be applied when coordinating long-term care of patients living far from their treatment center in order to bridge this disparity. Many surgeons recommend that patients stay in affiliated local hospitality houses until their first follow-up visit if there is no appropriate health care facility near their home. Institutions are attempting to close the gap by setting up satellite facilities in rural referring areas; this allows patients to have more access to follow-up without sacrificing continuity of care. Also, patient navigation programs have shown improved results in coordination of care and can be used to target patients traveling great distances in order to improve followup and adherence to therapy. 19, 20 The retrospective nature of this study is a weakness in that the individual decision-making between providers and patients was not controlled for and outcomes are subject to bias. Also, the quartiles were created to divide patients into four equal groups and therefore would be different if the study were repeated with a different population. The distance cutoffs should not be seen as lines in the sand, but rather suggesting a trend towards worse outcomes at further distances. Only readmissions and complications that presented to the primary institution were captured, leaving the possibility of uncaptured data from outlying hospitals. Lastly, we recognize that gallbladder cancer and hilar and distal cholangiocarcinomas are resected by a broad range of procedures that can have differing types and severity of complications, as well as differing mortality rates. Procedures performed in this cohort included bile duct resection, cholecystectomy, radical cholecystectomy and portal lymph node dissection, right and extended right hepatectomy, left and extended left hepatectomy, right and left trisectorectomy, classic and pylorus preserving whipple, and whipple with right hepatectomy. Although hilar cholangiocarcinoma, gallbladder carcinoma, and distal cholangiocarcinoma represent a diverse range of malignancies of the extrahepatic biliary system, the proportions of these subgroups of tumors were similar between the quartiles, thereby negating any bias that could potentially arise from variations in tumor biology within the different quartiles.
In conclusion, though there are clearly benefits to having surgery at a high-volume center for rare cancers, traveling far distances to these centers can place patients at a survival disadvantage. Patients may want to pursue treatment at a highvolume center closest to their home rather than traveling across the country to undergo surgery at a particular institution. However, the ultimate responsibility lies on the institution to arrange adequate follow-up and long-term care for patients traveling great distances for resection. This could be done through collaborating with local oncologists, improving patient navigation programs, or by setting up satellite clinics in strategic areas to ensure continuity of care for the most vulnerable patients.
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